SUBJECTS AND METHODS
Studies were performed in a series of eight patients with chronic renal failure during a total of nineteen hemodialyses. Out of the eight patients, one was given cortisone at dosage level of 30mg q.d. for a therapeutic purpose, and three received orally 2mg of dexametha sone 12 hours prior to dialysis on five occasions in all for observation of dialytic effects under pituitary adrenal suppression. Hemodialysis was accomplished by the Kolff's twin-coil kidney, with a rate of extracorporeal blood flow ranging from 150 to 200ml/min. In view of possible diurnal variations of the plasma cortisol level, dialysis was begun at 10.00 to 11.00 a.m. for a duration of 6 hours in all instances.
Blood samples were obtained before and hourly after the institution of dialysis up to the 6th hour thereafter, and were assayed for BUN, potassium, sodium and chloride in serum. These blood samples as well as those obtained at 3, 6, 9, 12 and 24 hours after completion of the dialysis were assayed for plasma cortisol levels by the competitive protein binding radioassay technique.
eortisol levels in patients undergoing hemodialysis Table 1 summarizes the data obtained. As for changes of chemical ingredients in the blood during dialysis, blood urea nitrogen dropped by 50 per cent or even more through a 6-hour dialysis, whereas serum electrolytes including potassium, sodium and chloride, returned to practically normal levels.
The plasma cortisol level at dialysis (12 dialyses in all) in the seven cases , which had recieved no corticosteroid preoperatively, varied to a considerable extent with the individual, as can be seen from Table 1 and Fig. 1 . Predialytic plasmacortisol levels in these ptients were generally slightly higher than the mean normal level of 12.2mcg/100ml
reported by Fukuchi et al.,2 and cortisol levels 1 to 2 hours after onset of dialysis remained practically unchanged from the predialysis level. However, there was a case with substantial elevation of plasma cortisol; Case 7 showed a rise to 46mcg/100ml 2 hours after the beginning of the first dialysis in which the extracorporeal blood flow rate was raised to over 200ml/min , and blood pressure rose to over 200mm Hg.
Similarly, in the majority of the remaining six cases , the plasma cortisol rose considerably as the dialysis proceeded to the 6th hour . The high plasma cortisol level was further sustained for the ensuing 3 to 6 hours , and dropped to the predialysis level 12 to 24 hours after completion of the dialysis . Fig. 2 depicts plasma levels of cortisol and other data at dialysis in Case 1 . The determination of plasma cortisol level was cariied out at a series of five 6-hour dialyses. This 25-year-old patient with chronic nephritis was admitted to the hospital because the blood urea nitrogen had increased to 185mg/100ml and he underwent dialysis nine times at 7 to 10-day intervals. However, he died of cardiac arrest with severe pulmonary edema after 140 days of hospitalization.
At the first 6-hour hemodialysis, the predialytic level of plasma cortisol was 12mcg/100ml and it became gradually lower during the dialysis procedure, dropping to a lowest value of 3mcg/100ml at completion of the dialysis and regaining the normal level of 16mcg/100ml in the ensuing 12 hours. The patient remained in a favorable condition throughout the dialysis with the constant extracorporeal flow rate of 130 to 150ml/min and blood pressure of 160 to 170mm Hg. Nevertheless, as in the majority of the other cases, the plasma cortisol showed a tendency to increase 3 to 5 hours after the beginning of dialysis on the 2nd, 3rd and 4th dialyses possibly because of relatively great alterations in the blood pressure. At the 5th 6-hour dialysis the patient was in a fairly good general condition throughout and hence was suspected to exhibit no significant alterations in plasma cortisol level.
In the 1st and 2nd dialyses in Case 5 where steroid was daily administered in the 2nd dialysis in Cases 4 and 7 and in the Ist dialysis in Cases 6 and 8, in all of which 2mg of dexamethasone were administered 12 hours previously for the purpose of functional supression of the pituitary, the patients showed normal to slightly subnormal cortisol levels before the beginning of dialysis, which tended to increase gradually during treatment (cf. Table 1 and Fig. 3) .
The extent of this increase in plasma cortisol, however, was in most instances smaller than that observed in patients undergoing dialysis with no corticosteroid treatment.
DISCUSSION
In our cases of hemodialysis without corticosteroid therapy, pre-dialysis plasma cortisol levels were generally either within the normal range or slightly higher and remained unchanged for one hour after the onset of dialysis . There was in these cases a tendency to an increase in plasma cortisol value with a considerable individual variation 3 to 4 hrs. after the beginning of dialysis , and to reach a maximum level at 6 hrs. Plasma cortisol levels gradually dropped following termination of dialysis, returning to the predialysis level 24 hours after comple tion of dialysis.
The rise in plasma cortisol associated with dialysis may be caused by an increased release of ACTH from the pituitary in response to stresses including alterations in circulation balance , etc. It has been already described by Muto3 and Tsuchida4 that the use of artificial kidney eventuates in an increased cardiac output which influences the cardiopulmonary function . Such abnormalities of the circulation balance and marked glycemia arising from dialysis are undoubtedly con sidered to exert stresses. In Case 7 , for example, an extracorporeal blood flow rate was increased to over 200ml per minute with concomitant alterations in blood pressure and elevation of the plasma cortisol to a level as high as 46mcg/100ml dur ing the first six-hour dialysis, whereas during the first six-hour dialysis in Case 1 , no such abnormalities occurred during dialysis and the plasma cortisol level was rather lowered. These facts provide an evidence in support of the view that the circula tion imbalance acts as stress to cause a rise in plasma cortisol .
Smith,5 through calculations with fluorescent technique , found that the mean plasma cortisol level rose to 23 .0mcg% after 240min of dialysis. He also stated that the rise probably reflected an increasing adrenal secretion either due to continued stress or effects of removal from the plasma of a small amount of free 
